Background Catheter-induced mechanical trauma is unfavorable during electrophysiological study. However, its incidence, significance, and pharmacological responses in patients receiving radiofrequency ablation for supraventricular tachycardia have not been investigated.
Background Catheter-induced mechanical trauma is unfavorable during electrophysiological study. However, its incidence, significance, and pharmacological responses in patients receiving radiofrequency ablation for supraventricular tachycardia have not been investigated. Methods and Results A prospective study was performed in 666 consecutive patients with documented, symptomatic supraventricular tachycardia. All had been referred for electrophysiological study and radiofrequency ablation. Catheter-induced mechanical trauma was defined by either disappearance of or change in preexcitation pattern induced by the electrode catheters or noninducibility of tachycardia after the electrode catheter-induced termination of tachycardia, confirmed by electrophysiological study. Adenosine, isoproterenol, and atropine were serially administered 1 hour after the mechanical trauma to study pharmacological response. "Rescue" radiofrequency ablation was defined as delivery of radiofrequency energy just at the presumed ablation site immediately after the mechanical trauma. Of the 666 patients, 254 had atrioventricular (AV) nodal reentrant tachycardia, 367 patients had accessory pathways, 30 patients had atrial tachycardia, and 15 had atrial flutter. Catheter-induced mechanical trauma occurred in 17 patients (2.6%): 4 patients had AV nodal reentrant tachycardia, 9 had accessory pathways, and 4 had atrial tachycardia. Five patients had such episodes during the placement of electrode catheters and 12, during mapping and ablation procedures. Of the 4 patients with AV nodal reentrant tachycardia, 3 had mechanical trauma on the retrograde fast pathway and 1, on the antegrade slow pathway. In the 9 patients with accessory pathways, those pathways were located in the left free wall in 4 patients, right free wall in 1, right posteroseptum in 1, and right anteroseptum in 3. Atrial tachycardia was more easily traumatized than AV nodal reentrant tachycardia (P<.01) and than accessory pathways (P<.01). The clinical courses of mechanical trauma were variable: 1 patient had spontaneous recovery within 1 week, 5 patients had recurrence of tachycardia within 3 months, and the rest have been free of tachycardia from 3 to 35 months. The recurrence rate was higher in patients with mechanical trauma than in those without (33.3% versus 3.5%, P<.0001) despite rescue radiofrequency ablation given in 7 patients. Pharmacological agents were generally unable to revive the traumatized tissues, and recurrence was unpredictable.
Conclusions Catheter-induced mechanical trauma was not common in patients receiving radiofrequency ablation for supraventricular tachycardia. Their clinical courses were variable, and pharmacological manipulation offered little assistance. More than half of the patients had long-term cures. However, the recurrence rate was, on the whole, significantly high despite rescue radiofrequency ablation. There is a need for great caution in the placement of 
Study of Catheter-Induced Mechanical Trauma
The 12-lead ECG was continuously monitored during the whole electrophysiological study and ablation procedure. Catheter-induced mechanical trauma was defined by either (1) disappearance of or change in preexcitation pattern caused by the electrode catheters or (2) noninducibility of tachycardia after the electrode catheter-induced termination of tachycardia as confirmed by electrophysiological study.
Patients who suffered mechanical trauma from the small-tip diagnostic electrode catheter during catheter placement were designated group 1. Recovery of the traumatized tissues was defined as "immediate" (<1 hour) or "late" (>1 hour and <1 week). Recurrence was defined as recurrence of tachycardia or delta wave after 1 week. If there was no immediate recovery, serial pharmacological agents were administered to revive the traumatized tissues and to predict recurrence. Adenosine was injected within 1 second into the right femoral vein in patients with WPW syndrome with an initial dose of 6 mg to a maximum of 18 mg, with an increment of 6 mg every 5 minutes. After 5 minutes from the last dose of adenosine, isoproterenol was infused in patients with various tachycardias from an initial dose of 1 ,ug/min to the maximal dose of 4 ,ug/min, with an increment of 1 ,.tg/min every 5 minutes. Twenty minutes after the last dose of isoproterenol, atropine was administered in patients with various tachycardias, from an initial dose of 0.5 mg with an increment of 0.5 mg every 5 minutes to a total dose of 2 mg.
Responses to these three agents were recorded. If spontaneous recovery or response occurred, radiofrequency catheter ablation proceeded; otherwise, the procedure was stopped. Follow-up electrophysiological study and pharmacological tests were repeated 1 week later. If there was no late recovery and still no response to pharmacological agents, the patient was discharged.
Patients who suffered from mechanical trauma caused by the large-tip mapping/ablation catheter during mapping and ablation procedures were designated group 2. They were further divided into two subgroups depending on whether they were administered "rescue" radiofrequency ablation (group 2B) or not (group 2A Four patients (1.6%) with the slow-fast form of AV nodal reentrant tachycardia suffered from mechanical slow pathway. The tachycardias were readily inducible in the 4 before the episodes. Of the 3 patients with injury on the retrograde fast pathway, 2 were injured by small-tip electrode catheters near the AV junction during electrophysiological study (Fig 1); 1 was injured by the large-tip mapping/ablation electrode catheter, which accidentally bounced during the mapping procedure. In the single patient with injury on the antegrade slow pathway, the episode happened when the large-tip mapping/ablation catheter was manipulated around the right posteroseptal area near the coronary sinus ostium (Fig 2) ; this patient underwent rescue radiofrequency ablation of the slow pathway.
Accessory Pathway
Nine patients (2.5%) suffered from catheter-induced mechanical trauma. All had a single accessory pathway. The pathways were located in the left free wall in 4 patients, the right free wall in 1, the right posteroseptal area in 1, and the right anteroseptal area in 3. Two patients suffered from mechanical trauma from the coronary sinus electrode catheter (Fig 3) , making rescue radiofrequency ablation impossible, and accessory pathway potential was not found in them. The other 7 patients suffered from mechanical trauma from largetip mapping/ablation catheters, and 4 of them received rescue radiofrequency ablation (Figs 4 and 5 Atrial Tachycardia and Atrial Flutter Four (13.3%) of the 30 patients with atrial tachycardia suffered from catheter-induced mechanical trauma. The episodes occurred during catheter placement in 1 patient and during mapping and ablation procedures in 3 others. The mechanism of tachycardia was not clear in the former, but in the latter, it was reentry. The 3 had exhibited readily inducible tachycardia by electrophysiological study. Two patients received rescue radiofrequency ablation. Atrial tachycardia was more easily traumatized than AV nodal reentrant tachycardia (13.3% versus 1.6%, P<.01) and than accessory pathways (13.3% versus 2.5%, P<.01). Catheter-induced mechanical trauma was not found in patients with atrial flutter.
Clinical Courses
Immediate recovery was demonstrated in only 1 (5.9%) of the 17 patients by electrophysiological study, and she underwent subsequent radiofrequency ablation (Table) 
Discussion
This is the first study to determine the incidence, significance, and pharmacological responses of catheter-induced mechanical trauma in a large group of patients who had received radiofrequency ablation for supraventricular tachycardia. The major new findings were that (1) the incidence (2.6%) was low, but the recurrence rate was significantly high; (2) the clinical courses were variable, but more than half of the patients achieved long-term cures; (3) the damages were often caused by the large-tip ablation catheter, although rescue radiofrequency energy delivered through the same catheter did not ensure permanent cure; and (4) trauma. Furthermore, the electrophysiological studies were done in the nonsedated state. The possibility of noninducibility of tachycardia, independent of trauma, in these patients was low. Three patients had mechanical trauma presumed to be on the retrograde fast pathway. The episodes happened as the electrode catheters were manipulated near the anterosuperior aspect of the AV node. Right ventricular pacing performed immediately after the trauma showed complete ventriculoatrial conduction block. Although the conducting property of the slow pathway was preserved, AV nodal reentrant tachycardia or echo beat could not be induced by atrial extrastimulation. One patient had mechanical trauma on the slow pathway. This happened during manipulation of the ablation catheter in the right posteroseptal area near the coronary sinus ostium. Although the slow AV nodal pathway was presumed to be approximately here,'7 mechanical trauma has not previously been reported. Alteration in autonomic tone might have been a cause, but sinus cycle length, AH interval, and systolic blood pressure were unchanged before and immediately after the trauma, making the possibility unlikely. Because rescue radiofrequency energy was applied at this site, the long-term effect of mechanical trauma in this particular patient cannot be evaluated.
Of the 4 patients with left free wall accessory pathways, 2 suffered from mechanical trauma induced by coronary sinus electrode catheters. The possibility of phase 3 and phase 4 block was excluded because the sinus cycle lengths were the same before and immediately after the episodes.18 Furthermore, large accessory pathway potential was not found in these patients. Several authors19-2' have reported experience in ablation of left-sided accessory pathways via the coronary sinus, and these pathways could be identified by large accessory pathway potential within the coronary sinus. In this laboratory, the left-sided accessory pathways could be ablated successfully by retrograde LV approach or transseptal approach.'3 The other two patients had mechanical trauma by the large-tip ablation catheter in the left ventricle. The above findings that left-sided pathways may be injured either by the ablation catheters subendocardially or by the coronary sinus catheters subepicardially would indicate that the leftsided accessory pathways traverse the AV groove at a variety of depths.
Septal and right-sided accessory pathways were generally located in the subendocardial position22 and are said to be especially susceptible to mechanical trauma by electrode catheters." In the report by Novick et al, 8 catheter-induced mechanical trauma occurred exclusively in patients with septal accessory pathways. The present study found no preponderance of mechanical trauma in patients with septal and right-sided accessory pathways. This suggests that the depth of the accessory pathways traversing the AV grooves was not the only determinant of mechanical trauma. Other factors might have been operative, including the vigor with which the catheter was being manipulated. A high incidence of mechanical trauma was found in patients with atrial tachycardia, a finding not reported previously and difficult to explain. In the patient with mechanical trauma caused by a small-tip electrode catheter, the precise mechanism of atrial tachycardia was not clear. The warm-up phenomenon was not found in her ambulatory ECG before electrophysiological study, and spontaneous tachycardia was found just before catheter manipulation. Furthermore, the tachycardia has been quiescent for 10 Iso- proterenol was known to improve conduction of cardiac tissues and increase the inducibility of cardiac arrhythmias.24-27 Because resting vagal tone exerts a direct depressant effect on conducting tissues, atropine was also administered to improve the conduction of accessory pathways28 and to facilitate the induction and maintenance of AV nodal reentrant tachycardia29 and atrial tachycardia.30 However, these pharmacological manipulations were generally unwarranted, since only 2 patients responded to them: 1 to isoproterenol and 1 to adenosine (indirect sympathetic activation could not be excluded). Besides, more than one fourth of the patients had recurrent tachycardia within 3 months despite nonresponse to pharmacological agents in electrophysiological study. These findings indicated that such responses in patients with catheter-induced mechanical trauma were variable.
Study Limitations
We have included all catheter-induced disappearance of conduction in the present study. However, occurrence of immediate recovery of conductive property could not be accurately determined because more than 40% of patients received rescue radiofrequency ablation on the spot. If more patients with mechanical trauma, such as those with right-sided or septal accessory pathways, were included and no rescue radiofrequency ablation had ever been given, the occurrence of immediate recovery might be higher, as in another study. 8 The true recurrence rate for catheter-induced mechanical trauma may well have been underestimated because some patients have had only a 6-month follow-up and follow-up electrophysiological studies have not been done in all patients after their discharges. Longer observation will be essential to the report of long-term outcomes.
Conclusions
Catheter-induced mechanical trauma was uncommon in patients receiving radiofrequency ablation for supraventricular tachycardia. Its clinical courses were variable, but a long-term cure could be expected in more than half of the patients. This study demonstrated that trauma episodes were more often caused by use of large-tip ablation catheters but that the presumed site of mechanical trauma was not a good marker for ablation. Pharmacological agents were generally unable to revive the traumatized tissues, nor could their use ensure against recurrence. A need for great caution is suggested in the placement of electrode catheters in any patient during electrophysiological study and radiofrequency ablation.
